Clarification of the problem of jaundice in the neonatal period began with the discovery of foetomaternal rhesus incompatibility as the usual cause of haemolytic disease of the newborn. After this, the group of infants in whom the jaundice is of obstructive type, with pale stools and bile in the urine, received more attention, and it was soon realized that not all such infants suffered from atresia of the main bile-ducts. In 1952 Craig and Landing described the characteristic histological appearance of the liver in cases with patent bileducts, and the disease has become known as 'neonatal giant cell hepatitis'. Since then various authors have accepted the separation of this disease entity on anatomical and histological grounds, while others have felt that the histological features may be mimicked by other diseases affecting the liver in the foetal or newborn period, of varied causes such as rhesus incompatibility, cytomegalic inclusion cell virus, pyaemic infection or pylephlebitis. It is certainly true that giant cell change may be seen in many of these conditions or in biliary atresia, but consideration of other histological features seems to allow the definition of a group of cases apart from these causes. Biliary atresia may affect any level in the biliary tree, and one newly recognized form involving only the small interlobular radicles exhibits a characteristic clinical course and histological pattern-intrahepatic biliary atresia.
Craig and Landing, and most workers since them, have assumed that 'neonatal hepatitis' is due to the infection of the foetus in utero by the virus of infectious hepatitis or of serum hepatitis. Over the years the emphasis has been on the latter virus as the more likely causative agent, and a maternal carrier state has been considered a satisfactory explanation of the often observed occurrence of * Research Fellow from the Royal Children's Hospital, Melbourne, Australia, attached'to this Unit. several cases within a sibship. However, in 1958, Hsia, Boggs, Driscoll and Gellis pointed out that in some families with several affected children normal children were born between affected ones, and they emphasized the difficulty of explaining this in the above manner. They calculated the proportion of affected children in 59 families and found p = 0 260 ± 0 076, and so suggested an autosomal gene in homozygous form as the cause. Unfortunately their cases were drawn from several sources and included three families reported by others because of striking familial incidence, so this estimate cannot be considered valid. Also, in some of their index. cases the diagnosis was not adequately established.
In studying further the possibility of a genetic factor in neonatal hepatitis it was thought worth while also to collect information about cases of biliary atresia. These have provided useful control data. Case months of life may cease to be jaundiced by 4-6 months of age and apparently recover completely: we have shown normal liver histology in three cases, and three other children, now over 12 years old, are normal to clinical and biochemical examinations, but in them we do not have biopsy proof of recovery. In many infants, however, the jaundice never goes, or fades only to return later along with other manifestations of cirrhosis (large liver and spleen, bleeding from oesophageal varices, ascites and oedema, liver failure) which later cause death (Table 1 ). In our series manifestations of cirrhosis have always been apparent by the age of 5 years, and death at 11 to 12 years has been very common and due to bleeding plus liver failure. We have five cases with histological changes ranging from slight fibrosis to moderate cirrhosis (Fig. 4) , and two who are clinically and biochemically normal but less than 3 years old; in all these the prognosis is uncertain.
It seems that about one-third of our cases are likely to recover fully. However, this may be too gloomy a prognosis, for some of those who died after extensive surgery in earlier years might today recover, and our insistence on biopsy proof excludes some children seen with a similar but mild illness which might well be this disease. Hsia et al. (1958) , including 15 such cases in their studies on the prognosis in this disease and also regarding as recovered some young infant who might well present later with cirrhosis, suggested that two-thirds of the cases of this disease recover fully. The truth probably lies between these estimates. MacMahon, Record and McKeown, 1951) , and remembers that rare diseases tend to be especially selected for referral to this hospital, one can derive a very approximate figure for the frequency of the diseases under consideration. It seems that the frequency of extrahepatic biliary atresia or of 'neonatal hepatitis' of sufficient severity to be diagnosed with certainty is of the order of 1 in 25,000 live births.
Intrahepatic biliary atresia must be very rare.
Twins
There were none in this series.
Consanguinity
Among the parents of the cases of extrahepatic and of intrahepatic biliary atresia none were blood relatives. However, in four of the 44 families (45 index cases) containing a case of 'neonatal hepatitis', the parents were related. In two the parents were first cousins. The relationships of the parents in these families were: Case 9, the father's mother and the mother's mother were sisters; Case 14, the father's mother and the mother's father were siblings; Case 13, the father's father and the mother's maternal grandmother were siblings; and Case 22, the fathei's father and the mother's maternal grandfather were half brothers. (The case numbers refer to Appendix 1.)
There has been no survey of the frequency of consanguineous marriage in south-east England in recent years, but it is very unlikely that the total for all degrees of close relationship is greater than 4 per 1,000 unions. Whatever the exact figure, our finding is clearly unlikely to be due to chance.
Sex Ratio
The sex ratio for the index cases of the three diseases is shown in Table 2 . Although there is an excess of male over female in the cases of 'neonatal hepatitis', this does not reach significance at the 5 % level. The same order of excess of affected males was noted by Hsia et al. (1958) . Combining these series is not valid because of the different diagnostic criteria used, but it seems that there may be a true tendency for male infants to be affected more often than female. 
Birth Weight
In looking through the clinical data of the index cases of 'neonatal hepatitis' it seemed that small birth weight was a feature. Analysis of the birth weights in this condition and in extrahepatic biliary atresia is shown in Table 5 , and it is clear that there is a very significant lowering in the cases of neonatal hepatitis and that this is not confined to those born before the 38th week of gestation. The mean is below that found by Karn and Penrose (1951) in 13,116 consecutive births by more than four times its standard error. There is no such change in the birth weights of cases of extrahepatic biliary atresia, and there are too few cases of intrahepatic biliary atresia for analysis.
In Fig. 5 the frequencies of different birth weights are plotted in both diseases, and a curve of assumed normality based on the figures of Karn and Penrose (1951) is superimposed. The suggestion of bimodality indicated another way of seeking two disease groups among the index cases. However, the birth weights of the children of related parents and of those who had affected siblings were distributed Miscarriages, Stillbirths and other Deaths The frequency of miscarriages and of unexplained perinatal deaths (stillbirths plus neonatal deaths) in the families of the index cases of extrahepatic biliary atresia and of 'neonatal hepatitis' is shown in Table 6 . It is clear that miscarriage is not unusually frequent in these families, but the five perinatal deaths among the siblings of cases of 'neonatal hepatitis' are of interest; details are given in Appendix 3. One was stillborn at 8 months' gestation, and the other four died on the first or second days of life, three being at least eight weeks premature and one being a like sex twin of a surviving unaffected child. Unfortunately these five cases were born in small nursing homes which kept no records; in no case was an autopsy performed. In view of the marked impairment of foetal nutrition suggested by the low birth weights of the cases of 'neonatal hepatitis', it is tempting to suggest that some of these perinatal deaths may represent the extreme effect of the abnormal genotype.
Hepatitis in Parents
Because of the suggestions already referred to that 'neonatal hepatitis' is the result of trans- group.bmj.com on June 21, 2017 -Published by http://adc.bmj.com/ Downloaded from placental infection with one or other of the hepatitis viruses, careful inquiry was made for a past history of hepatitis, for the occurrence of any such illness during the relevant pregnancy and for the receipt of a blood transfusion or of injections of any material given by a mass immunization type of technique (with a higher than usual risk of transfer of serum from one person to another) (Table 7) . Almost all the mothers had blood samples taken at antenatal clinics-this has not been counted here, but probably carries considerable risk of serum transfer. It was felt that the mothers of cases of extrahepatic biliary atresia provided an ideal control group for these observations: in each disease the parents would have discussed with their own parents the possible cause of their infant's disease and so would have been reminded of childhood hepatitis. We did in fact find that more of the mothers of index cases of 'neonatal hepatitis' had themselves suffered an illness diagnosed as hepatitis in the past. In most the disease had occurred more than 10 years before the birth of the affected child, and in only one (the mother of Cases 7 and 36) had any injection been given within four months before the illness. In this woman, serum or infectious hepatitis seems equally likely. The others affected were the mothers of index Cases 3, 13, 22, 27, 31, 35 and 43. In no mother in either group did any illness resembling hepatitis occur during pregnancy, and other abnormalities of pregnancy were not unduly frequent.
An increased susceptibility to hepatitis in persons heterozygous for the postulated mutant gene could explain the increased frequency of hepatitis in the past among the mothers of index cases. However, this increased frequency of hepatitis in the past was not present among the fathers (only those of index Cases 22, 26, 28 and 42 had been affected).
Transfusion or the receipt of the type of injections described was equally frequent among the mothers of index cases of both diseases. Discussion In extrahepatic biliary atresia our genetic findings are negative. We have found no familial incidence, a normal mean birth weight of the cases, and agreement with expectation of birth rank and maternal age. There is no recent report of this disease affecting more than one member of a family, though Sweet, in 1932, reported the occurrence in three siblings of what he describes as this disease. The evidence he gives is not sufficient to allow one to discuss the accuracy of the diagnosis, but cases of 'neonatal hepatitis' have very often been misclassified as biliary atresia.
The seven cases of intrahepatic biliary atresia provide too small a group for analysis, but the absence of any familial incidence is in keeping with other reports (Ahrens, Harris and MacMahon, 1951; Haas and Dobbs, 1958) ; these authors add six cases to our seven.
There is no dispute about the existence of an increased familial incidence in 'neonatal hepatitis', but there is much debate about the reason for this and about the aetiology of the disease. That inclusion cell virus infection may occasionally mimic the disease is likely (Weller, Macauley, Craig and Wirth, 1957) , and it may be that other agents damaging the liver may do so. The role of the viruses of infectious hepatitis and of serum hepatitis is very difficult to prove or disprove. Unfortunately, most writers have taken as proven their causative role and only Smetana and Johnson (1955) and Hsia et al. (1958) seem to have assessed the evidence critically. The principal facts are as follows:
(1) There is undoubted evidence that serum hepatitis may be repeatedly transmitted by serum of a person, presumed therefore to be a carrier of the virus, over many (at least 10) years. During such a period the carrier state seems constant, for virtually all samples of serum are productive of disease (Stokes, Berk, Malanut, Drake, Barondess, Bashe, Wolman, Farquhar, Bevan, Drummond, Maycock, Capps and Bennett, 1954; Neefe, Norris, Reinhold, Mitchell and Howell, 1954) . In view of this it is hard to explain families (such as that in Fig. 6 ) with normal children born between affected ones.
(2) In many such virus carriers flocculation tests on the serum aie abnormal, and in a few abnormalities of liver histology have been shown; in only some such persons is there a past history of an attack of jaundice. Gellis, Craig and Hsia (1954) (Stokes et al., 1954) . The onset of the infant's illness was later than usual in the disease we are discussing and necrosis of liver cells was prominent, whereas it is not a feature of our cases.
(4) One mother who had infectious hepatitis at the 32nd week of pregnancy gave birth to a child with ascites and cirrhosis apparent at delivery (Bellin and Bailit, 1952 Taylor and Gellis, 1952; Mickal, 1951; Zondek and Bromberg, 1947 ).
(5) There are several reports of cases (some of families containing several cases) in which evidence is given for suggesting that the mother was a virus carrier. In some this evidence is weak and in most the clinical and/or the pathological features of the disease in the infant differ from the cases we have described (Scott, Wilkins and Kessler, 1954; Beard, 1956; Krainin and Lapan, 1956 ).
It seems likely that the viruses that cause hepatitis in children and adults do sometimes infect the foetus and damage the liver; however, there is little evidence that they alone cause the entity we have here discussed as 'neonatal hepatitis'. It is possible that the virus could act to determine the manifestation of disease in those foetuses homozygous for the mutant gene which we propose as the main aetiological factor in this disease. Only the development of a method of isolation and culture of these viruses will settle these questions. We wish to thank the members of the medical staff of the Hospital for allowing us access to their patients and their records. 
